We present our experience in the treatment of patients with isthmic or degenerative spondylolisthesis, by means of a posterior lumbar interbody fusion (PLIF) and instrumented posterolateral fusion (IPLF), and we compare them with those published in the literature. We analyse whether there exists any statistical association between the clinical characteristics of the patient, radiological characteristics of the disease and our surgical technique, with the complications and the clinical-radiological prognosis of the cases.
Introduction
Spondylolisthesis is a pathological condition that is defined as the olisthy of one vertebral body over another. The term was coined for the first time in 1854 by Killian. 1 There are different types of spondylolisthesis. Wiltse et al. performed the first systematic classification according to etiology, differentiating between congeni-tal, isthmic, degenerative, pathological and iatrogenic. 2 In adults, the most frequent are those due to lesions of the interarticular isthmus and of degenerative origin. The incidence of isthmic spondylolisthesis is between 6% and 7%, 3 and of degenerative spondylolisthesis is around 8.7%. 4 Both types are more commonly found in women.
The clinical presentation and natural history of spondylolisthesis is variable. Chronic pain of long evolution is normally the earliest and most important manifestation. It is sometimes found by accident, while in other cases, the process can evolve until it severely compromises the spinal content at the affected level. 5, 6 Despite many publications related to the distinct methods of fixation and fusion that can be used in the treatment of different types of spondylolithesis, the handling of this condition is still very controversial.
Since the first description of the posterior lumbar interbody fusion for the treatment of the different types of degenerative lumbar pathology , among them spondylolisthesis, in 1985 by Cloward, 7 to now, the procedure has gone through different degrees of acceptance, as well as many adaptations, variations and innovations, but still there is no universally accepted technique.
We present the results of our experience in the treatment of adults with isthmic or degenerative spondylolisthesis by means of posterior circumferential fusion, achieved with the combination of posterior lumbar interbody fusion (PLIF) and instrumented posterolateral fusion (IPLF), and we compare them with those published in the literature.
Our group has developed a detailed descriptive and analytical study. We study whether the clinical characteristics of the patient, the radiological characteristics of the condition and our surgical technique are associated with the clinical-radiological result shown in the short and long term by our patients. This is unusual in the literature.
Materials and Methods

Patients and Data Collection
Our team has carried out a prospective study of a sample of 36 patients with vertebral spondylolisthesis submitted to PLIF + IPLF surgery between 2001 and 2010, as at the beginning of this decade the technique first began to be used in our institution.
A total of 42 variables referring to the demographic and clinical characteristics of the patient, radiological characteristics of the vertebral process and peculiarities of the surgical technique were analysed in each of the cases for the configuration of the data base. The information was obtained by means of a detailed revision of the clinical histories and the imaging tests.
In our work we use, as a nomenclature, the Wiltse-Newman classification (1976) 2 of the types of spondylolisthesis (Type I: congenital, Type II: isthmic, Type III: degenerative Type IV: Traumatic, Type V: Pathological and Type VI: iatrogenic), and the classification of the grade of forward displacement of the superior vertebral body on the inferior from Meyerding (1932) . 8 
Surgical planning
Inclusion and exclusion criteria
We considered candidates for surgical treatment those patients with Type II spondylolisthesis, 2 isthmic, or Type III spondylolisthesis, 2 degenerative, at any grade (grades I-V, Meyerding classification 8 ), which were associated with spinal symptoms along with neurological symptoms of at least one year of evolution, and recalcitrant to conservative, pharmacological or rehabilitative treatment.
Exclusion criteria were the pediatric population (Type I spondylolisthesis), the presence of severe spinal injury (Type IV spondylolisthesis), tumor or infection (Type V spondylolisthesis), and those patients where there were either obvious psychological alterations or the cases were related with legal problems, such as work or traffic accidents. Type VI spondylolisthesis is not object of this work. The presence of previous surgery in relation to the lumbar discs at the levels to be intervened was not consid-ered as exclusion criteria.
Surgical technique
All the surgical techniques were performed by the same surgeon, senior author ( JHV), using the same method.
The patient is placed in prone position on the Wilson frame, checking that the abdomen remains as free as possible from external pressure in order to obtain minimum epidural bleeding during the procedure. After a sufficiently extensive cutaneous incision, the muscular masses are broadly dissected and separated, the vertebral pedicles are identified and the pedicle screws are placed. Next a wide bilateral decompressive laminectomy is performed, with resection of the joints, if necessary, and the fibrous intraspinal tissue, characteristic of the lysis areas, if that is the case. Immediately after, to carry out the PLIF, the affected disc or discs are removed and disc spaces are cleared with shavers, placing in them two intersomatic arthrodesis cages of appropriate size, ones on each side of the midline. These cages are filled with autogenous bone coming from the posterior bony structures previously removed and carefully prepared for that aim (spinous processes, laminas and joints). Then, we proceed to position the bars on both sides, which are fixed to previously placed screws, and to the interpositioning of the bony graft, also of local origin, between the superior and inferior transverse processes of the operated levels, whose dorsal surface had been previously drilled to boost the fusion, and finishing in this way the IPLF.
The different surgical times, as well as the correct final position of the system, were always inspected by means of fluoroscopy. Intraoperative neurophysiological monitoring never was employed.
In all the cases, radiographs and CT scan were carried out at 48-72 hours from the surgery (Figure 1 ). If the study was considered to be normal (screws and cages in the correct position), the sitting position and posterior mobilization of the patient, with extension corset in the first 3 months, were indicated ( Figure  2 ).
Clinical and radiological evaluation
The clinical controls, evaluating back pain, radicular pain and total functional result, and radiological characteristics, evaluating the bony fusion and probable complications derived from the procedure, were repeated at 3, 6 and 12 months after surgery (radiographs and CT scans).
The clinical evaluation of preoperative and postoperative back pain and sciatica was carried out by means of the visual analogical scale (VAS) of pain, a subjective unidimensional scale that extends from 0-10, with"0" as the absence of pain and "10" as the existence of the maximum pain. 9 The total clinical result was estimated with the Kirkaldy-Wyllis criteria. 10 The radiological evaluation of the fusion degree of both the intersomatic (PLIF) and posterolateral (IPFL) was performed by the main surgeon and the rest of the authors of this work with the same criteria. The evaluation of the radiographs at the aforementioned times was made independently by each author. Later meetings were held (approximately at 3, 6 and 12 months) where each author gave their results, the cases were debated and in case of any discrepancy, the opinion of a radiologist was requested (not included as coauthor of the work). As a last resort and, in case of doubt, the result of "probable radiological fusion" was prioritized against that of "complete radiological fusion". The criteria used will be detailed in the following paragraphs.
The intersomatic fusion (PLIF) was established according to the criteria described by Brantigan et al. 11 A meticulous description of the criteria (tables and figures) is presented in the original article. Those authors employed a scale of 5 levels, defining each one of them in the summarized manner as follows: Level 5, radiological fusion; Level 4, probable radiological fusion; Level 3, uncertain radiological stage; Level 2, probable radiographic pseudarthrosis; Level 1, obvious radiographic pseudarthrosis. Levels 5 and 4 usually have excellent radiological outcome: these cases normally do not return to the operating room for intersomatic pseudoarthrosis or cages failure.
The degree of posterolateral fusion (IPFL) was determined employing the method used by Lenke et al. 12 A detailed description of the criteria (tables and figures) is presented in the original work. It is specified in the following manner: Grade A, definitive fusion with bilateral thick bony masses; Grade B, probable fusion with thick bony mass in one side and thin bony mass on the other; Grade C, no probable fusion with thin bony mass on one side and probable pseudarthrosis on the contralateral side; Grade D, no fusion, with thin bony mass on both sides with obvious bony pseudarthrosis or reabsorption of graft bilaterally. Grades A and B usually have excellent radiological outcome: these cases normally do not return to the operating room for posterolateral pseudoarthrosis, instrumentation failure, pedicle screw loosening or windshield wiper-type sign.
Statistical analysis
The statistical analysis was developed with SPSS 18 for Windows (SPSS Inc, Chicago, Illinois, USA), by means of parametric test.
The tests employed for the study of the statistical association between two independent variables were the χ 2 test, with correction by means of the Fisher´s exact test when necessary, for the qualitative variables, and the Pearson´s correlation coefficient for the quantitative variables. For the studies of association between two or more independent variables, the Binary logistic regression test was applied (multivariate analysis). The analysis of statistical difference in dependent variables was carried out with the t-Student´s test for paired data.
The results were considered statistically significant if p < 0.05.
Results
Descriptive study
Demographic characteristics of the patients and pathology
We analysed a total of 36 patients submitted to PLIF + IPLF in our department.
The average age of the series is 57.1 years. The majority of the patients were in the 5th and 6th decades of life (27.8%; n= 10), with an average of 56.5 years. The age range was situated between 30 and 82 years.
Our series is composed of 22 (61.1%) women and 14 (38.9%) men with a ratio of 1.57:1.
The most relevant clinical symptomatology referred to by the patients on admission for intervention was neurogenic claudication with lumbosciatic in 44.4% (n=16), lumbosciatic pain in 38.8% (n=14) and isolated sciatica in 16.6% (n=6) of the cases. On neurological examination we found that the most highlighted was isolated motor deficit (44.4%; n=16), followed by the absence of findings (22.2%; n=8) and motor sensitive changes (19.4%; n=7); the presence of isolated sensitive alterations was the least prevalent sign (13.8%; n=5).The average length of the symptomatol-ogy before indication for surgical treatment was 6.2±4.6 years.
In terms of the disease presented by our patients, on 15 occasions (41.6%) the listhesis was associated to spondylolisis, Type II spondylolisthesis, while in the remaining 21 cases (58.3%) the spodylolisthesis had a degenerative origin, Type III spondylolisthesis.
Only two of the cases were operated on two contiguous spinal levels, both with Type III spondylolisthesis (5.5%). In the rest of the patients, the surgery was limited to only one level (94.4%).
The grade of listhesis, according to the Meyerding classification, showed in the total of the 38 levels intervened by our team was: Grade I in 22 (57.8%), Grade II in 14 (36.8%) and Grade III in 2 (5.2%).
In relation to the most frequently affected level, we found that the L4-L5 level was the most prevalent with 19 (50%) cases, followed by L5-S1 level with 16 (42.1%) and L3-L4 with 3 (7.8%). 13 .8% of our patients (n=5), had been submitted to surgical intervention of lumbar discectomy (microdiscectomy) of a level before the fixation-fusion surgery described in this work.
The demographic characteristics of the patients and pathology are shown in Table 1 .
Clinical results
All the cases that presented back pain before surgery (83.3%; n=30) significantly reduced it a year after the intervention (t = 62.7; p < 0.01) with the improvement being close to 80%. Similarly, all the patients of our series (100%; n=36) referred to a decrease in the radicular pain radiating to lower limbs of at least 86.5%, which was also statistically significant (t = 36.0; p < 0.01; Table 2 ).
With respect to patient return to work, following the Kirkaldy-Willis criteria 10 and taking the results of "Excellent" and "Good" as satisfactory, the rate of success in the present work was 94.5% (n=34; Table  3) .
A year after the surgical intervention, all the cases were discharged at the last clinical control in the outpatient clinic. The total follow up rate was 100%.
Radiological results
None of the patients had to return to the operating theatre due to intersomatic or posterolateral pseudarthrosis at any of the 38 levels intervened in total, a year after the intervention.
In relation with the intersomatic fusion, and according to the criteria of Brantingan et al., 11 it was distributed in the following manner: 5 (radiological fusion) = 36 levels; 4 (probable radiological fusion) = 2 levels; 3 (uncertain radiological state) = 0 levels; 2 (probable radiographic pseudarthrosis) = 0 levels; and 1 (obvious radiographic pseudarthrosis) = 0 levels.
In terms of the evaluation of the posterolateral arthrodesis, and according to the degrees of fusion of Lenke et al. 12 we obtained: Grade A (definitely solid bilaterally) = 34 levels; Grade B (unilaterally solid) = 4 levels; Grade C (probably not solid) = 0 levels; and Grade D (definitely not solid) = 0 levels.
In this way, 100% of our patients presented an excellent radiological result 12 months after the intervention: Bratingan's Levels 5 or 4 for intersomatic fusion and Lenke ´s Grades A or B for posterolateral fusion. A complete radiological fusion was produced in 34 out of 38 levels belonging to 33 out of 36 patients (≈ 92%). The results of the intersomatic and posterolateral fusion after 1 year of follow up depending on the type of spondylolisthesis are shown in Table 4 . The total follow up rate was 100%.
Complications
Two patients presented a transitory neurological deficit after surgery, representing an incidence of this complication of 5.5 % (n=2). In the first, we found a motor defect for severe paresia of external popliteal sciatic nerve, which improved during hospitalization, and was practically normal after rehabilitation treatment on discharge. In the second of the cases, the patient presented intense unilateral cruralgia associated to paresia of quadriceps. The CT control allowed us to demonstrate the defective situation of one of the fixation screws. After proceeding to a new surgery to reposition it, the patient remained asymptomatic, with the disappearance of the radicular pain and complete recuperation of prior motor defect.
A patient presented postoperative cerebrospinal fluid (CSF) fistula through the wound, which in our series represents 2.7% (n=1). This case was initially treated with lumbar drainage but the external CSF leak reappeared after its withdrawal. Thus it was necessary a new surgery with reparation and sealing.
Infection of the surgical wound was detected on two occasions: 5.5% (n=2). In the first case, the infectious process only affected the subcutaneous tissue and was resolved after two weeks of specific antibiotic therapy. The second case needed surgical revision checking that the process affected the subcutaneous cellular tissue and superficial muscular fascia. The deep musculature had a normal aspect, for which the system of fixation was not withdrawn. The patient was later submitted to specific antibiotic therapy for two weeks, with a complete resolution of the process.
Analytical study
We found that there was statistically significant rela- tionship between the sex and the type of spondylolisthesis; isthmic spondylolisthesis is most frequent in men, while degenerative spondylolisthesis is most frequent in women (p = 0.028).
Similarly, we found that the age of the patients was associated with the possibility of the appearance of this lumbar pathology, with Type II being the most Table 2 . Pain scores and improvement at follow-up.
*Pain was measured on a 10-point VAS. ** Paired Student's T-test was used to calculate the differences between the preoperatory and postoperatory periods. Significant differences were found (p < 0.01). frequent after the decade of the 40s, while Type III appears more commonly at a later age, specifically, from the decade of the 50s (p = 0.008).
In terms of the most frequently affected lumbar levels, we observed the existence of an association between isthmic spondylolisthesis and the L5-S1 level, and between degenerative spondylolisthesis and L4-L5 lumbar level (p = 0.024).
In order to establish possible clinical prognostic predictive factors, we employed the correlation analysis.
We obtained variables such as the age of patients in the moment of intervention, the grade of listhesis, or the duration of the illness since diagnosis until surgery was indicated, were very weakly and indirectly correlated with the VAS improvement after 1 year from the intervention (r < -0.2). In this way, the older or the longer the illness before surgery, the less was the improvement referred in the pain scales a year after the surgical procedure.
There was no significant difference in the clinical and radiological outcomes between isthmic or degenerative spondylolisthesis (p >0.05)
We did not find variables such as age, sex and the pathology of risk of the patients (arterial hypertension, diabetes mellitus, dyslipemia, hyperuricemia) were associated, neither individually nor in the multivariate analysis, to a greater percentage of postsurgical complications (p > 0.05).
Discussion
There exist diverse types of spondylolisthesis. Wiltse et al. made the first systematized classification according to the etiology in 1976; later this first classification was modified and completed. 13, 14 As mentioned in this work, we have employed the Wiltse et al. classification 2 because of its simplicity. We have studied Type II and III spondylolisthesis; type I, IV and V spondylolisthesis are not the object of this work because the patients are usually complex with other associated lesions and diseases.
In our series we have presented descriptive results similar to those present in the literature both in relation to isthmic and degenerative spondylolisthesis. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Treatment Generally, it could be said that the treatment is the same in the diverse types of spondylolisthesis. Even though the majority of the patients respond well to conservative treatment, it is estimated that 10-15% need surgical treatment to resolve the advanced cases with severe symptoms, such as permanent or recurring back pain associated, or not, to neuralgia or neurogenic claudication, decrease in the quality of life, progressive neurological defect or, in some extreme cases, symptoms of cauda equina syndrome with sphincter involvement. 27, 28 The surgery has two aims: to improve the back pain and neurological symptoms, and thus the quality of life, and to detain the progressive vertebral slipping. The absolute indication for surgery comes from the progression of the neurological defect or the cauda equina syndrome.
In the last two decades, the improvement of the surgical techniques has increased the number of patients treated with surgery, with good clinical results. However, there still exists a very important discussion about which is the best surgical technique to treat symptomatic spondylolisthesis; above all in the cases of high degree spondylolisthesis.
The first surgical strategy employed, which complied with the objective of improving the radicular symptoms and neurogenic claudication, was the decompression by means of laminectomy. Lane was the first to use it. 29 Nevertheless, the inconvenience of this technique was that with time, the instability increased and the progression of the listhesis was accelerated, and thus, the second objective sought with these interventions was not satisfied: it was the detention of progressive slipping. For this reason Vibert et al. stated that laminectomy without fusion should be carried out only on patients with practically rigid segment by reactive sclerosis. 30 To avoid instability and progression, to correct and improve, if possible, the listhesis, and at least in theory, the back pain, the fusion by means of instrumentation began to be used. This maneuver, at first, was widely debated.
The literature revision, including controlled randomized studies and comparative observational studies, do not allow us to extract definitive evidence on whether the clinical results in short and midterm are better with the instrumented fusion than with the non instrumented. However, they allow us to establish, with a reasonable level of evidence, that instrumentation increases the possibilities of obtaining a solid fusion. 31, 32 Nowadays, numerous works can be found where different groups describe different techniques of instrumented fusion. [33] [34] [35] [36] [37] [38] [39] [40] The posterolateral fusion (PLF) diminishes the possibilities of instability, but the proportion of stable fusions is low as it does not allow us to control the biomechanics of the anterior spine. 41, 42 While, the posterior lumbar intersomatic fusion (PLIF) allows us to restore the discal height, facilitate the correction of alignment and balance, immobilize the pathological space, improving in this way the stability, and decompressing the dural sac and the roots. Also, the use of titanium or carbon cages filled with bony graft in this technique diminishes the complications due to the reabsorption of graft and the posterior collapse of the discal space, improving in this way the fusion rates. 43 Nevertheless, the PLIF is a very aggressive surgical technique, demanding in its carrying out and with a long operating theatre time that facilitates a greater blood loss and increases the possibility of complications. 44 Even though important publications such as those of Ekman et al. 45 or revisions of the literature such as by Jacobs et al. 46 show no significant differences in terms of clinical results in patients with isthmic spondylolisthesis only treated with PLIF or with PLF, the same cannot be stated in terms of the radiological results. Both in our work, and in other studies such as Madan and Boeree, 44 where they compare the grades of fusion reached by using PLF isolated against PLIF + PLF, there is a tendency towards a better radiological result with the technique used by our group, which could undoubtedly condition the clinical result in the long term.
In the same way in the present study, as well as in the work of Kim et al., 47 the same conclusion is reached when we talk about degenerative lumbar illness.
The reason for these findings is that while PLF produces a fusion of the transverse apophysis and the lateral region of the facet union, the PLIF creates a fusion of the anterior lumbar column, obtaining a very solid circumferential fusion from the combination of both techniques. 47 On the other hand, the employment in all our cases of autologous bone obtained from local bony structures, such as laminas or facets, to carry out both the intersomatic and the posterolateral fusion, in place of the iliac crest, meant the elimination of the pain in the donor place, the diminishment of surgical time and a lower blood loss.
There has been a lot debate as to whether reducing the listhesis during the fusion surgery improves or not the results. Agreement exists on that the reduction is the desired objective. From the wide published experience, it can be concluded that when an instrumented reduction wit fusion is performed, less pseudoarthrosis is produced than when only a fusion is carried out. 48, 49 In our patients, using PLIF associated to IPLF with intrasurgical reduction of the listhesis, excellent clinical results have been obtained, with statistically significant improvements a year after intervention (p < 0.01).
In terms of the radiological results obtained at one year after the intervention, complete fusion in 33 out of 36 patients, we are aware that a follow up of 12 months could be insufficient. Our review of the literature obtained variable results in this sense, finding follow ups that ranged between 3 months and 10 years. [50] [51] [52] [53] [54] [55] [56] With the objective of not producing any lost cases due to a lack of follow up in consultations (that the patient decided not to attend controls after postsurgical clinical improvement), and taking into account, on the one hand, the phases and physiological human bony consolidation times (maximum be- We believe that the application of the postoperative corset in all the patients systematically for the first 3 post-operative months gave the necessary immobility to the patient and their spine for the attainment of the observed grade of consolidation.
Complications
In relation to the complications with the technique used in this work, we found in the literature that the associated rate of surgical complications is low, situating our results in the same range as those from other publications. On the contrary, the anterior approaches with intervertebral fusion present a greater risk for the large vessels and other intra and retroperitoneal structures. 57 The incidence of dural breakage during surgery that is cited in the literature, varies between 5.5% and 10.1% (5.8% -7/120, 5.5% -13/236, 10.1% -36/ 356). 3, 58, 59 In our series it occurred in only one patient (2.77%) with degenerative listhesis associated to important alterations of the facet joints and severe stenosis of the canal.
We had a profound infection of the operative area (2.77%), similar rate to the other groups that vary between 1.4% and 3% of the patients intervened (2.5% -3/120, 3% -73/236, 1.4% -5/356, 3.5% -3/86). 3, 45, 58, 59 From a neurological point of view, all our cases evolved favourably in the short and long term. It is interesting to mention that in the immediate postoperative period all the patients referred to improvement or disappearance of radicular pain. This fact could be related with the indirect foraminal decompression produced by the increase of height of the discal space. In the long term, the excellent results obtained in relation to the incorporation of the patients to work, could in part be due to the recommendation which was made to some of the patients in reference to a change in work activity, advice that was made effective in all the cases.
None of our patients presented deep venous thrombosis or the feared pulmonary thromboembolism. In the series presented by Ekman and cols. patients with isthmic spondylolisthesis treated by PLIF, the incidence of each one of these events was of 1.3%. 45 The possibilities of posterior migration of the intersomatic cages are practically non-existent when the PLIF is associated with fixation with pedicular screws, citing this complication between 0.8% 58 and 1.4%. 60 Chen and cols. showed in their work that this situation was produced in 7% (3/42) of the cases of posterolateral fixation, with this complication being absent in all of the cases 0% (46 patients) where posterior fixation is associated. 61 Periodical radiological controls carried out on our patients showed the correct situation of the intersomatic implants in all the cases, not observing in any occasion posterior slipping of the implanted material.
Prognosis predictive factors
The correlation analysis let us establish some prognosis factors that were weakly and indirectly associated with better or worse clinical outcome after surgery. The most important were: the age of patients in the moment of intervention, the grade of listhesis and the duration of the illness since diagnosis until surgery was indicated. The last variable had an average of 6.5 years and this is a very long period of time. Similar figures are found in the best published series. In this way, we believe that if the patients do not respond significantly to complete conservative treatment at short term, we think than less than one year, they should be taken into account for early surgical treatment if we want to obtain the best clinical outcomes.
A comparision between the more relevant series in the literature and present study is showed in Table 5 .
Conclusions
According to our experience, spinal surgery by posterior via, associating decompressive laminectomy with intersomatic fusion, posterolateral fusion and fixation with pedicular screws, is the best surgical decision for the patients with spondylolisthesis in those that have failed with the conservative treatment, independent of type or grade of spondylolisthesis. Our results show than, compared with other surgical techniques that are currently still used in this condition, this type of surgery allows us to obtain both at short and long term, on the one hand, excellent and significant clinical results, and, on the other hand, greater radiological results than with other procedures. Nevertheless, we should always take into account that the prolonged surgical times and the aggressiveness of this type of surgery in comparison with other techniques, could condition the appearance of possible complications and sequelae, for which an adequate surgical training before facing them is compulsory.
The study of clinical prognostic predictive factors is almost nonexistent in the literature and we performed it. Although additional studies are needed in order to develop multifactorial analyses with longer sample sizes, we believe that these statistical results help, among other things, to optimize the time in which these techniques should be indicated to obtain the best outcomes after surgery. 
